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Abstract. This is a short report on the preliminary findings of the gamma ray burst (GRB) working 
group for the white paper on the status and future of very high energy (VHE; >50 GeV) gamma-ray 
astronomy. The white paper discusses the status of past and current attempts to observe GRBs at 
GeV-TeV energies, including a handful of low-significance, possible detections. The white paper 
concentrates on the potential of future ground-based gamma-ray experiments to observe the highest 
energy emission ever recorded for GRBs, particularly for those that are nearby and have high 
Lorentz factors in the GRB jet. It is clear that the detection of VHE emission would have strong 
implications for GRB models, as well as cosmic ray origin. In particular, the extended emission 
phase (including both afterglow emission and possible flaring) of nearby long GRBs could provide 
the best possibility for detection. The difficult-to-obtain observations during the prompt phase 
of nearby long GRBs and short GRBs could also provide particularly strong constraints on the 
opacity and bulk Lorentz factors surrounding the acceleration site. The synergy with upcoming 
and existing observatories will, of course, be critical for both identification of GRBs and for 
multiwavelength/multimessenger studies. 
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INTRODUCTION 

While VHE gamma-ray astronomy is a relatively young and undeveloped field, it is 
currently going through a very exciting epoch, with high sensitivity telescopes detecting 
many new sources. In an effort to evaluate this rapid progress and to prepare for the next 
generation, the Division of Astrophysics of the American Physical Society requested 
a white paper about the status and future of ground based gamma-ray astronomy. Five 
science working groups and one technology working group were formed. These working 
groups were charged with the tasks of defining the current status of their respective fields 
and the scientific goals that may be addressed by future instruments. 

This report is a very brief summary of the preliminary findings of the GRB science 
working group for this white paper. For more detail, the reader should refer to the 
forthcoming comprehensive white paper. 



BRIEF THEORY OVERVIEW 

Gamma-ray burst vF v spectra have a peak at photon energies ranging from a few 
keV to several MeV, and the spectra are nonthermal. There are several models for 
conversion of explosion energy including blast waves with internal+external shocks, 
Poynting flux dominated models, and external shocks in a clumpy ambient environment. 
The most commonly invoked mechanism is a relativistic jet that leads to internal shock 
collisions, with associated prompt emission, followed by a forward shock expanding 
into the ambient medium causing an extended afterglow. Both of these mechanisms 
lead to acceleration of particles, with associated emission, including e~ synchrotron at 
keV to MeV energies and inverse Compton at higher energies. Protons should also be 
accelerated (maybe to UHE), with associated p + synchrotron and p + induced cascades. 
Knowledge of the high energy spectra is critical to understanding the relative importance 
of these processes and to understanding the GRB within its surroundings. For a more 



comprehensive GRB theory review, see |jl2lJl4lJ7L ll7L ll5Ul3ll. and references therein 



Of particular importance to VHE gamma ray studies is the fact that pair production 
interactions of gamma rays with the IR photons of the extragalactic background atten- 
uate the gamma-ray signal fl^] . This limits the distance over which VHE gamma rays 
can propagate to z <~0.5 for the current generation of telescopes. 



CURRENT STATUS OF VHE OBSERVATIONS 

From EGRET data, it is clear that GRB spectra extend to at least tens of GeV Although 
many authors have predicted the existence of VHE emission from GRBs either during 
the prompt phase or at any time during the multi-component afterglow, no definitive 
detections have been made. Telescopes that can observe gamma ray emission above 
100 GeV fall into two broad categories, air shower arrays (including water Cherenkov 
detectors such as Milagro) and imaging atmospheric Cherenkov telescopes (IACTs), 
such as HESS, VERITAS, and MAGIC. There is a possible detection in the TeV range 
by Milagrito 13,3]. Stacked analyses of many satellite triggered bursts have also yielded 
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FIGURE 1. Modelled broad-band spectrum of the GRB internal shock prompt emission [10?]. (a) A 
long GRB with the observed sub-MeV luminosity of ~ 10 51 erg s^ 1 is modelled. The solid black lines 
represent the final spectrum before (thin line) and after (thick line) inclusion of internal absorption. The 
long dashed green line is the electron synchrotron component; the short-dashed blue line is the electron 
IC component; the double short-dashed black curve is the 7t° decay component; the triple short-dashed 
line represents the synchrotron radiation produced by e ± from jt* decays; the dash-dotted (light blue) line 
represents proton synchrotron, (b) The analogous spectrum of a bright short GRB with Ei SO = 10 51 erg. 



only statistically marginal positive excess |0]. IACTs have slewed to a handful of GRBs 
quickly (response time ranges from 40 s to hours), resulting in upper limits 111, Q]]. 
Unfortunately, at this time, most observations with sensitive IACTs have not been 
prompt slews, but late-time flux limits as low as 2% of the Crab have been reported. 



POTENTIAL VHE EMISSION 

A model prediction for long GRB prompt emission, including both inverse Compton 
and hadronic emission, is shown in Figure Hk llOfl. Internal opacity from pair produc- 
tion will attenuate VHE photons, thus providing a probe of emission radius and bulk 
Lorentz factor while also limiting detection probability. During the afterglow phase, in- 
verse Compton emission from forward shock e~ scattering from myriad photon fields, 
including self synchrotron and reverse shock emission, will lead to a high energy com- 
ponent that may be detectable by VHE instruments. Hadronic emission should also be 
present. A model time-evolved spectrum is shown in Figure |2] 

Short GRBs are generally dimmer than long GRBs, but they are closer, which means 
that a larger fraction of short GRBs will have minimal attenuation from extragalactic 
infrared photons. A sample prediction is shown in Figure Wp- 

Recently, Swift has provided the remarkable result that late time (as late as 10 5 sec) X- 
ray flares are a common occurrence, detected in ~50% of GRBs pi&B]- It is possible 
that these flares have a higher energy component, potentially due to inverse-Compton 
scattering as predicted for a fairly modest flare in Figure The average flare fluence is 
a factor of ~10x less than the average prompt fluence [9|], but there are some notable 
examples in which flare fluence is approximately the same as prompt fluence dsj]. 
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FIGURE 2. The SSC emission from the forward shock region in the afterglow phase. Temporal evolu- 
tion of the theoretical models for synchrotron and SSC components for e e = 0.5, Eg = 0.01; solid curves 
from top to bottom are at onset, 1 min, 1 hour, 1 day, 1 month. The contributions to the emission at onset 
are shown as long-dashed (electron-synchrotron), short-dashed (proton-synchrotron) and dotted (electron 
IC) curves d. 
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FIGURE 3. A sample model prediction of VHE gamma rays from flares, using only an inverse Compton 
component [18]. 



SYNERGY WITH EXISTING AND FUTURE INSTRUMENTS 

While GRB triggers are possible from wide angle VHE instruments, a space-based GRB 
detector will be needed. Swift, GLAST, or future WFOV hard X-ray monitors must 
provide low energy observations. GRBs with observations by both GLAST and VHE 
telescopes will be particularly exciting and may probe high Lorentz factors. Neutrino 
telescopes, UHECR telescopes (eg AUGER), and next generation VHE observatories 
can supplement one another in the search for UHECRs from GRBs since neutrinos are 
expected along with GeV-TeV gamma rays. A TeV trigger could also effectively improve 
neutrino sensitivity. 



CONCLUSIONS 



The challenge of VHE astronomy for contributing to GRB prompt-phase science is 
twofold: (i) the GRB source must be at relatively small redshifts (z < ~0.5) to avoid 
significant attenuation of TeV radiation by the extragalactic background light and the 
GRB parameters must be favorable to avoid excessive internal absorption; and (ii) to 
insure a reasonable chance of detection, the instrument must be very sensitive with all- 
sky coverage or it must be very sensitive with rapid slewing ( 5-10deg/sec). 

The detection of VHE afterglow emission, delayed prompt emission, and/or flare 
emission simply requires a sensitive instrument; with only moderate slew speed. It is 
likely that any instrument with ~10x sensitivity improvements over the current gener- 
ation of IACTs will detect GRB-related VHE emission. These instrument requirements 
could be achieved by next generation instruments, given sufficient resources. 

Either of these detection channels would make great strides towards understanding the 
extreme nature and environments of GRBs, particularly the local opacity and the bulk 
Lorentz factor. It could also contribute to our understanding of the decades old ultra 
high energy cosmic ray acceleration problem, as well as GRB progenitor studies, star 
formation studies, and Lorentz invariance violation studies. For a more detailed report 
please refer to the forthcoming white paper when it is released. 
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